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(57) ABSTRACT 

An electronic device includes a microphone, a bias-Supply 
device and a voice-recognition device. The bias-Supply 
device is configured to provide a first bias Voltage to serve 
as an operation voltage of the microphone, when the elec 
tronic device is operated in a power-saving mode, such that 
the microphone transforms a voice signal into a first output 
signal. The Voice-recognition device is configured to receive 
the first output signal and output a control signal, when the 
first output signal has a predetermined signal, to enable the 
electronic device be operated in a normal operation mode 
and the bias-Supply device to provide a second bias Voltage 
that is higher than the first bias voltage to serve as the 
operation Voltage of the microphone, such that the micro 
phone transforms the Voice signal into a second output 
signal and outputs the second signal to a core circuit. 

11 Claims, 4 Drawing Sheets 
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1. 

ELECTRONIC DEVICE AND CONTROL 
METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This Application claims priority of Taiwan Patent Appli 
cation No. 102130173, filed on Aug. 23, 2013, the entirety 
of which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an electronic device, and 

in particular to a microphone having a power-saving mode. 
2. Description of the Related Art 
Recently, many electronic devices have voice-control 

functionality, Such that the user can control the electronic 
device directly by voice. The electronic device with voice 
control functionality allows the user to operate the electronic 
device conveniently and easily. 

Additionally, a conventional electronic device will enter 
the power-saving mode (sleeping mode) to reduce power 
consumption after the electronic device has not received any 
commands for a period of time. However, the design pur 
pose of the microphone is for receiving the user's voice, and 
thus the microphone is not designed to operate in the 
power-saving mode. When the electronic device goes into 
the power-saving mode, the microphone becomes the major 
power consuming device. Therefore, the power consump 
tion caused by the microphone of the electronic device 
operating in the power-saving mode needs to be improved. 

BRIEF SUMMARY OF THE INVENTION 

A detailed description is given in the following embodi 
ments with reference to the accompanying drawings. 
An electronic device is disclosed. The electronic device 

includes a microphone, a bias-Supply device and a voice 
recognition device. The bias-Supply device is configured to 
provide a first bias Voltage to serve as an operation Voltage 
of the microphone, when the electronic device is operated in 
a power-saving mode, Such that the microphone transforms 
a voice signal into a first output signal. The Voice-recogni 
tion device is configured to receive the first output signal and 
output a control signal, when the first output signal has a 
predetermined signal, to enable the electronic device be 
operated in a normal operation mode and the bias-Supply 
device to provide a second bias Voltage that is higher than 
the first bias voltage to serve as the operation voltage of the 
microphone, Such that the microphone transforms the voice 
signal into a second output signal and outputs the second 
signal to a core circuit. 

Another electronic device is disclosed. The electronic 
device includes a core circuit, a microphone, a bias-Supply 
device, and a Voice-recognition device. The core circuit has 
a central processor unit and a codec. The bias-Supply device 
is configured to provide a first bias to serve as an operation 
voltage of the microphone when the electronic device is 
operated in a power-saving mode. Such that the microphone 
transforms a voice signal into a first output signal. The 
Voice-recognition device is configured to receive the first 
output signal and output a control signal, when the first 
output signal has a predetermined signal, to enable the 
electronic device be operated in a normal operation mode 
and the bias-Supply device to provide a second bias Voltage 
that is higher than the first bias voltage to serve as the 
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2 
operation voltage of the microphone. Thus, the microphone 
transforms the Voice signal into a second output signal and 
outputs the second signal to the codec. The waveform of the 
predetermined signal is a truncated sine wave. The bias 
Supply device includes a first resistor, a second resistor, and 
a switching device. The first resistor has a first terminal 
coupled to a power Voltage and a second terminal coupled to 
the voice-recognition device. The second resistor has a first 
terminal coupled to the power Voltage and a second terminal 
coupled to the codec. The Switching device is configured to 
selectively couple the first resistor or the second resistor to 
a power input terminal of the microphone. 
A control method is disclosed. The control method 

includes: providing a first bias Voltage to serve as an 
operation Voltage of a microphone and to transform a voice 
signal into a first output signal by the microphone when an 
electronic device is operated in a power-saving mode; 
switching the operation of the electronic device from the 
power-saving mode to a normal operation mode, when the 
first output signal has a predetermined signal; providing a 
second bias Voltage that is higher than the first bias Voltage 
to serve as the operation Voltage of the microphone and to 
transform the Voice signal to a second output signal by the 
microphone, when the electronic device is operated in the 
normal operation mode; and outputting the second output 
signal to a core circuit of the electronic device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reading the Subsequent detailed description and examples 
with references made to the accompanying drawings, 
wherein: 

FIG. 1 is schematic diagram of the electronic device 
according an embodiment of the invention; 

FIGS. 2A-2B are operation diagram of the electronic 
device according an embodiment of the invention. 

FIG. 3 is operation diagram of the electronic device 
according an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The following description is of the best-contemplated 
mode of carrying out the invention. This description is made 
for the purpose of illustrating the general principles of the 
invention and should not be taken in a limiting sense. The 
scope of the invention is best determined by reference to the 
appended claims. 

FIG. 1 is a schematic diagram of an electronic device 
according to an embodiment of the present invention. As 
shown in FIG. 1, the electronic device 10 includes a micro 
phone 11, a voice-recognition device 12, a control unit 13, 
a core circuit 14 and a bias-supply device 15. For example, 
the electronic device 10 can be a hand-held mobile device, 
a smartphone or a tablet PC, but it is not limited thereto. 
The microphone 11 is configured to receive a voice signal 

and transform the Voice signal to an electrical signal (e.g., a 
Voltage signal). For example, the microphone 11 is config 
ured to transform the sound wave of the voice to a voltage 
signal. The microphone 11 can be a dynamic microphone, a 
condenser microphone, an electret condenser microphone, a 
MEMS microphone or a ribbon microphone, but it is not 
limited thereto. 
The Voice-recognition device 12 can be a digital signal 

processor (DSP), an analog to digital converter (ADC) or a 
voice-detection transistor, but it is not limited thereto. In an 
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embodiment, when the electronic device 10 is operated in 
the power-saving mode, the Voice-recognition device 12 is 
configured to receive the Voltage signal (e.g., the first output 
signal S1) output by the microphone 11 and determine that 
whether the first output signal S1 of the microphone 11 has 
a predetermined signal. For example, when the Voice-rec 
ognition device 12 receives the first output signal S1 of the 
microphone 11, the Voice-recognition device 12 processes 
the received first output signal S1 for obtaining the infor 
mation of the first output signal S1. In addition, the voice 
recognition device 12 also compares the information of the 
first output signal S1 with a predetermined signal in order to 
determine whether the first output signal S1 has the prede 
termined signal, but it is not limited thereto. In an embodi 
ment, the waveform of the predetermined signal is a trun 
cated sine wave. In other words, when the Voice-recognition 
device 12 determines that the first output signal S1 has the 
truncated sine wave, it is determined that the first output 
signal S1 has the predetermined signal. In an embodiment, 
the Voice-recognition device 12 transforms the output signal 
(or the analog output signal) output by the microphone 11 
into the digital signal, but it is not limited thereto. In another 
embodiment, the voice-recognition device 12 processes the 
analog signal output by the microphone 11 by the digital 
signal processor (DSP) for transforming the analog signal to 
the digital signal, but it is not limited thereto. In an embodi 
ment, the information of the predetermined signal stored in 
the voice-recognition device 12 is “start’. For example, the 
stored predetermined signal is in the form of the digital 
signal, and data of the digital signal is I10011. When the 
Voice-recognition device 12 receives the output signal out 
put by the microphone 11, the voice-recognition device 12 
processes the output signal. After the Voice-recognition 
device 12 processes the conversion (e.g., transforming the 
analog signal to the digital signal) and obtains the digital 
signal (e.g., 10011) having the same information with 
“start, it is determined that the output signal output by the 
microphone 11 has the predetermined signal. 
The control unit 13 can be a general-purpose processor, an 

application processor, a digital signal processor (DSP), a 
micro control unit (MCU), or an embedded controller, but it 
is not limited thereto. 
The core circuit 14 is configured to receive the voltage 

signal output by the microphone 11, Such as the second 
output signal S2, and to perform the corresponding opera 
tion according to the second output signal S2 output by the 
microphone 11. In an embodiment, when the electronic 
device 10 is operated in the normal operation mode, the core 
circuit 14 receives the second output signal S2 output by the 
microphone 11, and performs the corresponding operation 
according to the second output signal S2. In an embodiment, 
the core circuit 14 includes a codec 21 and a central 
processor unit (CPU) 22, but it is not limited thereto. In an 
embodiment, the core circuit 14 includes not only the codec 
21 and the CPU 22 but also the memory, but it is not limited 
thereto. The codec 21 is configured to encode or decode the 
received second output signal S2 for obtaining a codec 
signal S3, but it is not limited thereto. The CPU 22 operates 
the corresponding operation according to the codec signal 
S3 of the codec 21. For example, when the information of 
the codec signal S3 is “output image', the CPU 22 performs 
the relevant operation according to the instruction corre 
sponding to the "output image'. In an embodiment, the 
function of the voice-recognition unit device 12 is similar to 
the codec 21, the main difference between them is that the 
circuit of the voice-recognition device 12 is simpler than the 
codec 21, or the Voice-recognition device 12 has only a part 
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4 
of the functions of the codec 21 (or a part of the circuit). 
Because the circuit of the voice-recognition device 12 is 
simpler than the codec 21, such that the power consumption 
of the voice-recognition device 12 is lower than that of the 
codec 21. 
The bias-supply device 15 is configured to supply the bias 

Voltage to serve as the operation Voltage of the microphone 
11. In an embodiment, the bias-supply device 15 includes a 
first resistor R1, a second resistor R2 and a switching device 
23. The first resistor R1 of the bias-supply device 15 is 
coupled between a power voltage Vdd and the voice 
recognition device 12. When the first resistor R1 is coupled 
to the microphone 11 by the switching device 23, the 
bias-supply device 15 provides a first bias voltage to the 
microphone 11. Specifically, the first terminal of the first 
resistor R1 is coupled to the power voltage Vdd, and the 
second terminal of the first resistor R1 is coupled to the 
voice-recognition device 12. The first terminal of the second 
resistor R2 is coupled to the power voltage Vdd, and the 
second terminal of the second resistor R2 is coupled to the 
codec 21 of the core circuit 14. In an embodiment, the 
switching device 23 is configured to receive the switch 
signal C1 from the control unit 13 for selectively providing 
power to the microphone 11. For example, the second 
terminal of the first resistor R1 is coupled to the microphone 
11 for providing the first bias voltage B1 to the microphone 
11, when the switching device 23 receives the switch signal 
C1 at a first logic level from the control unit 13. Further 
more, the second terminal of the second resistor R2 is 
coupled to the microphone 11 by the switching device 23 for 
providing a second bias Voltage B2 to the microphone 11, 
when the Switching device 23 receives a switching signal C1 
at a second logic level from the control unit 13. In the 
present embodiment, the first resistor R1 (e.g., 10K ohms) is 
that is higher than the second resistor R2 (e.g., 2.2K ohms), 
so that the second bias voltage B2 is smaller than the first 
bias voltage B1. 

FIG. 2A is an operation schematic diagram of the micro 
phone 11 received with the second bias voltage B2 provided 
by the bias-supply device. As shown in FIG. 2A, the voice 
signal is a continuous sine wave, but it is not limited thereto. 
For example, the amplitudes of the Voice signals can be 
different according to the different volumes of the voice and 
the frequencies of the Voice signals may also differ accord 
ing to the different tones of voice. In an embodiment, the 
microphone 11 not only transforms the Voice signal to the 
Voltage signal but also amplifies or decreases the voice 
signal, but it is not limited thereto. 
As shown in FIG. 2A, the bias-supply device 15 provides 

the second bias voltage B2 to the microphone 11 and the 
microphone 11 transforms the Voice signal (sound wave) to 
the second output signal S2 when the electronic device 10 
operates in the normal operation mode. In an embodiment, 
the microphone 11 is turned on based on the second bias 
voltage B2 supplied by the second resistor R2. In other 
words, when the electronic device 10 is operated in the 
normal operation mode, the second bias Voltage B2 is 
provided to the microphone 11, such that the microphone 11 
is operated at the linear region, and the microphone 11 
linearly transforms the Voice signal to the second output 
signal S2. 
As shown in FIG. 2B, the bias-supply device 15 provides 

the first bias voltage B1 to the microphone 11 such that the 
microphone 11 transforms the Voice signal (sound wave) to 
the first output signal S1, when the electronic device 10 
operates in the power-saving mode. As shown in FIG. 2B, 
the first bias voltage B1 is much lower than the second bias 
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voltage B2 such that the microphone 11 is operated at a 
non-linear region. Thus, the microphone 11 non-linearly 
transforms the Voice signal to the first output signal S1 when 
the Voice signal is transformed to the first output signal S1 
by the microphone 11. For example, as shown in FIG. 2B, 
the sum of the first bias voltage B1 and the first output signal 
S1 is smaller than the operation voltage of the microphone 
11 (e.g., less than Zero volts) at Some time, causing the 
microphone 11 to be turned off. When the microphone 11 is 
turned off the Voice signal cannot be continuously trans 
formed to voltage signals, such that the waveform of the first 
output signal is the truncated sine wave as shown in FIG.2B. 

In other words, when the electronic device 10 operates in 
the power-saving mode, the first bias voltage B1 enables the 
microphone 11 to transform the voice signal to the first 
output signal S1 discontinuously. Namely, the first bias 
voltage B1 makes the microphone 11 non-linearly transform 
the voice signal to the first output signal S1. Furthermore, 
since the first resistor R1 has a much higher resistance than 
the second resistor R2, when the microphone 11 is operated 
in the power-saving mode and provided with the first bias 
voltage B1, the current flowing through the microphone 11 
will be less than that of the microphone 11 which is provided 
with the second bias voltage B2 and operated in the normal 
operation mode. 

FIG. 3 is a flow chart of the control method according to 
the present invention. The process begins in step S31; the 
first bias voltage B1 is applied to the microphone 11 when 
the electronic device 10 enters the power-saving mode, and 
the process goes to step S32. In an embodiment, the power 
consumption of the core circuit 14 is also reduced when the 
CPU 22 is operated in the power-saving mode, but it is not 
limited thereto. In step S32, the voice-recognition device 12 
is turned on to determine whether the predetermined signal 
is received. When the first output signal S1 has the prede 
termined signal, the process goes to step S33. When the first 
output signal S1 does not have the predetermined signal S1, 
the process returns to step S32. For example, the voice 
recognition device 12 transforms the first output signal S1 
into the digital signal by the analog to digital converter, and 
then determines whether the first output signal S1 has the 
predetermined signal, but it is not limited thereto. In step 
S33, the control unit 13 outputs the switch signal C1 to the 
bias-supply device 15, such that the bias-supply device 15 
provides the second bias voltage B2 to the microphone 11. 
The control unit 13 controls the core circuit 14 to operate in 
the normal operation mode and turns off the Voice-recogni 
tion device 12. The detailed operations of the microphone 
11, the voice-recognition device 12, the control unit 13, the 
core circuit 14 and the bias-supply device 15 please refer to 
the related operation in FIG. 1 and FIG. 2, and the details 
thereof are omitted for brevity. 

In Summary, the electronic device and the control method 
of the present invention can adjust the bias Voltage of the 
microphone according to the different operation modes for 
decreasing the power consumption of the microphone. Thus, 
the power consumption of the microphone operated in the 
power-saving mode can be further decreased and improved. 

While the invention has been described by way of 
example and in terms of the preferred embodiments, it is to 
be understood that the invention is not limited to the 
disclosed embodiments. On the contrary, it is intended to 
cover various modifications and similar arrangements (as 
would be apparent to those skilled in the art). Therefore, the 
Scope of the appended claims should be accorded the 
broadest interpretation so as to encompass all Such modifi 
cations and similar arrangements. 
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6 
What is claimed is: 
1. An electronic device comprising: 
a microphone; 
a bias-Supply device, configured to provide a first bias 

Voltage to serve as an operation Voltage of the micro 
phone, when the electronic device is operated in a 
power-saving mode, Such that the microphone trans 
forms a voice signal into a first output signal; and 

a voice-recognition device, configured to receive the first 
output signal and output a control signal, when the first 
output signal has a predetermined signal, to enable the 
electronic device be operated in a normal operation 
mode and the bias-Supply device to provide a second 
bias Voltage that is higher than the first bias Voltage to 
serve as the operation Voltage of the microphone, Such 
that the microphone transforms the Voice signal into a 
second output signal and outputs the second signal to a 
core circuit; 

wherein the microphone non-linearly transforms the Voice 
signal into the first output signal when the operation 
Voltage of the microphone is the first bias Voltage, and 
the microphone linearly transforms the Voice signal 
into the second output signal when the operation Volt 
age of the microphone is the second bias Voltage. 

2. The electronic device as claimed in claim 1, wherein 
the bias-Supply device comprises: 

a first resistor, coupled between a power Voltage and the 
Voice-recognition device; 

a second resistor, coupled between the power Voltage and 
the core circuit; and 

a Switching device, configured to couple the first resistor 
to the microphone for providing the first bias voltage to 
the microphone, when a received Switch signal is at a 
first logic level, and couple the second resistor to the 
microphone for providing the second bias Voltage to the 
microphone when the received Switch signal is at a 
second logic level opposite to the first logic level. 

3. The electronic device as claimed in claim 2, further 
comprising a control unit, configured to output the Switching 
signal at the second logic level to the Switching device and 
the core circuit for enabling the electronic device be oper 
ated in a normal operation mode, when the control signal is 
received. 

4. The electronic device as claimed in claim 1, wherein 
the bias-Supply device comprises: 

a first resistor, having a first terminal coupled to a power 
Voltage and a second terminal coupled to the Voice 
recognition device; 

a second resistor, having a first terminal coupled to the 
power Voltage and a second terminal coupled to the 
core circuit; and 

a Switching device, configured to selectively couple the 
second terminal of the first resistor or the second 
resistor to a power input terminal of the microphone. 

5. The electronic device as claimed in claim 2, wherein 
the first resistor has a higher resistance than the second 
resistor. 

6. The electronic device as claimed in claim 1, wherein a 
waveform of the predetermined signal is a truncated sine 
WaV. 

7. The electronic device as claimed in claim 1, wherein 
the microphone is operated in a non-linear operation region 
when the operation voltage of the microphone is the first bias 
Voltage. 
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8. The electronic device as claimed in claim 1, wherein 
the microphone is operated in a linear operation region when 
the operation voltage of the microphone is the first bias 
Voltage. 

9. The electronic device as claimed in claim 3, wherein 
the control unit further outputs the switching signal at the 
second logic level to turn off the voice-recognition device 
when the control unit receives the control signal. 

10. An electronic device comprising: 
a core circuit, having a central processor unit and a codec; 
a microphone; 
a bias-Supply device, configured to provide a first bias 

Voltage to serve as an operation voltage of the micro 
phone when the electronic device is operated in a 
power-saving mode, such that the microphone trans 
forms a Voice signal into a first output signal; and 

a voice-recognition device, configured to receive the first 
output signal and output a control signal, when the first 
output signal has a predetermined signal, to enable the 
electronic device be operated in a normal operation 
mode and the bias-supply device to provide a second 
bias voltage that is higher than the first bias voltage to 
serve as the operation voltage of the microphone, such 
that the microphone transforms the voice signal into a 
Second output signal and outputs the second signal to 
the codec, wherein a waveform of the predetermined 
signal is a truncated sine wave, wherein the micro 
phone non-linearly transforms the voice signal into the 
first output signal when the operation voltage of the 
microphone is the first bias Voltage, and the micro 
phone linearly transforms the voice signal into the 
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second output signal when the operation voltage of the 
microphone is the second bias voltage; 

wherein the bias-supply device comprises: 
a first resistor, having a first terminal coupled to a power 

Voltage and a second terminal coupled to the voice 
recognition device; 

a second resistor, having a first terminal coupled to the 
power Voltage and a second terminal coupled to the 
codec; and 

a Switching device, configured to selectively couple one 
of the first resistor and the second resistor to a power 
input terminal of the microphone. 

11. A control method, comprising: 
providing a first bias voltage to serve as an operation 

Voltage of a microphone and to non-linearly transform 
a voice signal into a first output signal by the micro 
phone, when an electronic device is operated in a 
power-saving mode; 

switching the operation of the electronic device from the 
power-saving mode to a normal operation mode, when 
the first output signal has a predetermined signal; 

providing a second bias Voltage that is higher than the first 
bias Voltage to serve as the operation voltage of the 
microphone and to linearly transform the voice signal 
to a second output signal by the microphone, when the 
electronic device is operated in the normal operation 
mode; and 

outputting the second output signal to a core circuit of the 
electronic device. 


